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Abstract: The reaction kinetics of the synthesis of sodium ethyl xanthogeneacetate
from potassium ethylxanthogenate and sodium chloroacetate in distilled water as
the reaction medium at 25, 30, 35 and 40 °C, were investigated. The obtained reac-
tion mixture was a complex system which demanded the use of two methods for the
kinetic measurements. The reaction was followed using the conductrometric and
UV/Vis spectrophotometric method with equimolar initial concentrations of the re-
actants and under pseudo-first order conditions with respect to one of the reactants.
The rate constants of the pseudo-first order and second order reactions were calcu-
lated from the data. On the basis of the reaction constants, the activation parameters
were calculated and are discussed.
Keywords: kinetic rate, rate constant, sodium ethyl xanthogeneacetate, thermody-
namic parameters.
INTRODUCTION
Sodium ethyl xanthogeneacetate (NaEtXAc) is a precursor in the synthesis of
thiocarbamates.1–4 Since such compounds generally have fungicidal properties,5 a
detailed study of the NaEtXAc synthesis should provide valuable information for
its production.
Thiocarbamates are known as surfactants for the preconcentration of trace and
major amounts of Ag and Hg.6,7 Their solution properties were investigated by
potentiometric titrations, UV and Fourier transform IR (FTIR) in view of their us-
age as flotation collectors.8–10 Furthermore, surface enhanced Raman scattering
(SERS) spectroscopy, followed by electrochemical control was used to elucidate
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processes. This interaction involves a charge transfer process in which the sulfur
atom in the organic species becomes bonded to a metal atom while the hydrogen is
replaced from the nitrogen atom.11–15 Moreover, the reactivity and mechanism of
the aminolysis of aryl N-ethyl thionocarbamates were also studied.16 However,
hitherto there are no available data in the literature on the synthesis of NaEtXAc
and a corresponding kinetics study.
The synthesis of NaEtXAc and a kinetic study of the corresponding reaction
were performed as presented in Scheme 1.
The synthesis of NaEtXAc, as the first objective of this work, was accom-
plished starting from the reactants: NaClAc – sodium chloroacetate and KEtX –
potassium ethylxanthogenate, whereby NaEtXAc and potassium chloride were the
reaction products.
The obtained results were used for a discussion of the kinetics of the investigated
reaction based on the data of spectrophotometric and conductometric measurements.
EXPERIMENTAL
Synthesis of NaClAc
Chloroacetic acid (95.0 g, 1.0 mol) was slowly added to a reaction flask containing 200 cm3 of
water. The mixture was gently mixed. During the dissolution of chloroacetic acid, the temperature
decreased from 14 to 5 °C. Once the chloroacetic acid had completely dissolved, 53.0 g (0.5 mol) so-
dium carbonate was added, under continuous stirring of the reactants. Carbon dioxide was evolved
during the reaction. The solution was mixed until the apperance of crystals, and the volume was re-
duced to 1/3 of the initial solution. The mixture was cooled, the product isolated by filtration and
dried to constant weight.
Synthesis of sodium ethyl xanthogeneacetate
To a solution of potassium ethylxanthogenate (16.03 g, 0.1 mol) in 40 ml of water in a three
necked flask equipped with an addition funnel, condenser and thermometer, a solution of chloro-
acetic acid (9.5 g, 0.1 mol) in 25 ml of water was added via the addition funnel during 10 min, and
the reaction mixture was left for a further 50 min at room temperature. After completion of the reac-
tion, an appropriate volume of 0.1 mol/dm3 HCl, at a constant temperature (10 °C), was added to the
reaction mixture until a pH  6 was attained. Ether was added to the reaction mixture under strong
stirring to extract the ethyl xanthogeneacetic acid. After separation of the water layer, the organic
layer was washed three times with distilled water following by evaporation of the either. The reac-
tion yield was 80 %. The purity of the waxy product was determined potentiometrically (97.5 %).
The structure of the final compound was confirmed by FTIR,
1H- and 13C-NMR spectroscopy. The
1H- and 13C-NMR spectra were recorded in CDCl3 solution, with tetramethylsilane (TMS) as the in-
ternal reference standard, using a Varian-Gemini 200 spectrophotometer. The NMR spectra were re-
corded at ambient temperature.
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Scheme 1. Reaction between sodium chloracetate (A) and potassium ethylxanthogenate (B).
Preparation of NaEtXAc for kinetic experiments was performed by neutralization of the ethyl
xanthogeneacetic acid with an appropriate volume of 0.1 mol/dm3 sodium hydroxide. After evapo-
ration of the solvent, the white salt was dissolved in the minimum amount of absolute ethanol and
the solution was diluted with absolute ether until the appearance of turbidity. The fine white crystals
which appeared after cooling were filtered and stored in a desiccator.
Kinetic measurements
Kinetic measurements were performed using an Iskra MA5964 conductometer, and HEK1213
Pt100 electrode and a Shimadzu 160 UV-spectrophotometer at 25, 30, 35 and 40 °C. In order to de-
velop the kinetic measurement method, the absorbance of the system KEtX and NaClAc in the range
of 200–800 nm was investigated. It was established that the absorption of the system at  = 340 nm
(corresponding to NaEtXAc production) increased. This wavelength was used for the determination
of the reaction order. Also the absorption of the system at  = 374 nm (corresponding to the KEtX
concentration) decreased. This wavelength was used for monitoring the pseudo-first order reactions.
The linear dependence of the conductance with respect to the concentration of the appropriate reac-
tants and products were confirmed previously.
Conductrometric measurements of the second order reaction of KEtX and NaClAc with equimolar
initial concentrations
To a sealed thermostated glass flask, 29.4 cm3 of an aqueous NaClAc solution was added, the
conductometric electrode was inserted and the initial conductance was recorded after 15 min. Then
0.6 cm3 of a freshly prepared KEtX solution was added and the conductance was monitored over the
next 30 min. The initial concentrations of the reactants were c0KEtX = c0NaClAc = 0.02 mol/dm
3.
Conductrometric measurements of the hydrolysis of KEtX under pseudo-first order reaction conditions
To a thermostated sealed glass reaction flask, 25 cm3 of a freshly prepared aqueous solution of
KEtX, with an initial concentration c0KEtX = 0.02 mol/dm
3, was added and the conductance moni-
tored for the next 5 h.
Conductometric measurements of the reaction between KOH and NaClAc, as a pseudo-first order
reaction with respect to KOH
To a thermostated sealed glass reaction flask, 29.4 cm3 of an aqueous solution of NaClAc (ini-
tial concentration c0NaClAc = 0.04 mol/dm
3) was added. After 15 min the initial conductance was re-
corded and then 0.6 cm3 of a KOH solution, initial concentration c0KOH = 0.002 mol/dm
3, was
quickly added and the conductance was monitored during the following 30 min.
Spectrophotometric measurements of the reaction between KEtX and NaClAc with equimolar initial
concentrations
The solutions were thermostated to the determined temperatures for at least 30 min prior to the
measurements. Solutions of NaClAc and KEtX, both 5 cm3, were mixed and a part was poured into
adequate measuring cell and placed in the UV-spectrophotometer with a thermostate. The initial
concentrations were c0KEtX = c0NaClAc = 0.02 mol/dm
3. The absorbance ( = 340 nm) was monitored
during the following 30 min.
Spectrophotometric determination of the reaction order with respect to KEtX and NaClAc
The procedures were the same as for spectrophotometric measurement of the reaction with
equimolar initial concentrations. In the first case, the initial concentration of KEtX was varied
(c0KEtX = 0.0001, 0.0003, 0.0005, 0.001 and 0.002 mol/dm
3) and the initial concentration of
NaClAc was c0NaClAc = 0.01 mol/dm
3.
In the second case, the initial concentration of NaClAc was varied (c0NaClAc = 0.2, 0.4, 0.6, 0.8
and 1 mol/dm3), and the initial concentration of KEtX was c0KEtX = 0.02 mol/dm
3. Measurements
were performed at 25 °C ( = 340 nm).
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Spectrophotometric recording of the reaction between NaClAc and KEtX at different temperatures
The procedure was the same as the previous. The initial concentration of KEtX was c0KEtX =
0.02 mol/dm3 and the initial concentration of NaClAc was c0NaClAc = 0.4 mol/dm.
3 Measurements
of the absorbance ( = 374 nm) were performed at 25, 30, 35 and 40 °C.
RESULTS AND DISCUSSION
Based on the Scheme 1, it was assumed that the reaction would follow the sec-
ond-order kinetic law. In order to check this assumption, the reaction order with re-
spects to both reactants was determined.
Determination of reaction orders with respect to the reactants
The kinetic rate for determination of reaction order with respect to reactants
was followed by UV/Vis spectrophotometry at 340 nm and at tconst = 25±0.2 °C,
with sodium chloroacetate in a great excess. The absorption as a function of time
for the reaction mixture of NaClAc and KEtX is shown in Fig. 1.
On the basis of the kinetic data, the reaction order was calculated using the dif-
ferential method, by determining the initial reaction rates (A/t) from the first
two measurements points.17,18 In order to determine the partial orders of the reac-
tion with respect to the reactants, the logarithms of the initial reaction rates (log
(A/t)) versus the logarithm of the initial concentration of one of the reactants,
log c0KEtX or log c0NaClAc, were plotted (the concentrations are given in experi-
mental part). It was found that the reaction is the first order with respect to KEtX,
as was confirmed by the linear correlation of log (A/t) versus c0KEtX (b = 0.95 
1±0.2, R = 0.94). Value of linear correlation of log (A/t) versus c0KEtX (b =
–0.11±0.04, R = 0.94) is not a negligible variation from the zero value, thus indicat-
ing that the reaction is not zero order with respect to NaClAc, which it should be in
the case of the pseudo-first order reaction system with NaClAc in great excess.
Variation from the assumed second order kinetics of the reaction was also con-
firmed using a UV/Vis spectrophotometric method, by following the change of
absorbance in the investigated reaction system with equimolar initial concentra-
tions of the reactants. The equation for second-order reactions was applied.10,11
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Fig. 1. Example of the absorbance change in
the reaction of KEtX (c0KEtX= 0.02 mol/dm
3)
and NaClAc (c0NaClAc = 0.6 mol/dm
3) at 25 °C.
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versus time t should give a linear plot of kc0, if
the reaction is second order. However, for the reaction system with equimolar initial
concentrations of reactants (c0KEtX = c0NaClAc = 0.02 mol/dm
3), a non-linear curve
was obtained (least-square method – linear curve fitting used for the calculation).
The variation from a linear dependence indicates non-conformity of the reac-
tion with the second order reaction kinetic law. For further confirmation of the
non-compliance of the reaction system with the second-order kinetic law, the
conductometric method was also applied to monitor the change of conductivity (,
mS/cm) of the reaction mixture with equimolar initial concentrations of reactants
(c0KEtX = c0NaClAc = 0.02 mol/dm
3). It was not feasible to measure correctly the








Therefore, the Kezdy–Swinbourne method was used for the determination of
the second-order kinetic rate constants:18
t = kc0t( – t) + 0 (4)
where t is the conductance in time t.
Based on processing the data by Kezdy–Swinbourne method (Fig. 2), signifi-
cant variation from a linear dependence was observed after a certain time, confirm-
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Fig. 2. Processing of the experimental data
from conductivity change in the reaction of
KEtX and NaClAc at 25 °C with equimolar
initial concentrations of reactants (c0KEtX =
c0NaClAc = 0.02 mol/dm
3) using second-or-
der kinetic law and the Kezdy–Swinbourne
method.







ing that the order of the reaction deviates from the second-order kinetic law. Ac-
cording to these results and since the reaction data did not fit the third-order kinetic
law, it was assumed that the reaction system is complex.
Determination of reaction rate of hydrolytic degradation of potassium ethylxant-
hogenate
It was found in literature8 that hydrolytic decomposition of potassium ethyl-
xanthogenate in aqeous solutions is a possible parallel reaction, with a decomposi-
tion rate depending on the pH of the reaction medium, as well as on temperature.
According to this and above kinetic results, it was necessary to include this reac-
tion in the investigation of kinetics of the reaction system. The pH of the initial re-
actions system was, in all cases, about 8, and after the kinetic measurements, the
pH of the final mixture was about 6.5. This undoubtedly indicates that hydroxide
ions are consumed during the kinetic experiment. The hydrolytic decomposition
reaction of KEtX in water is given in Scheme 2.
The kinetics of the hydrolytic decomposition of KEtX was monitored by the
conductometric method, with initial concentration of c0KEtX = 0.02 mol/dm
3 at
temperatures of 25, 30, 35 and 40 °C. The pseudo-first order reaction rate constants
(water in great excess) were determined using the least-square method18 and the









Plotting the value of ln( – 

) versus time t, the values of the reaction constants
were calculated. The values of the reaction constants for the hydrolytic decomposi-
tion of KEtX, determined using the integration method, are given in Table I.







25 4.8  10-4 9.7  10-4 0.9  10-4 1.82  10-3 4.55  10-2
30 6.5  10-4 13.0  10-4 1.3  10-4 2.39  10-3 5.98  10-2
35 8.1  10-4 16.5  10-4 1.5  10-4 3.12  10-3 7.80  10-2
40 8.9  10-4 18.0  10-4 1.7  10-4 5.13  10-3 12.83  10-2
The linear plots of the natural logarithms of the rate constants from Table I versus
1/T (Arrhenius equation18) were used for the calculation of the activation parameters
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Scheme 2. Reaction of hydrolytic decomposition of potassium ethylxanthogenate (B).
(energy of activation Ea, entropy of activation S
#, Gibbs energy of activation G# and
enthalpy of activation H#) of the investigated elementary reaction given in Table II.






1 32.53 ± 4.8 30.1 –193.4 87.7
2 31.18 ± 1.6 28.7 –217.6 93.6
3 52.30 ± 5.3 49.8 –122.9 86.5
Determination of the reaction rate for the alkaline hydrolysis of sodium chlo-
roacetate
According to the above postulated reaction system, it can be supposed that a
third reaction is possible, i.e., the alkaline hydrolysis of sodium chloroacetate pro-
ducing sodium glycolate (NaOHAc), presented in Scheme 3. In this way, the
reacton system is even more complex.
The value of the reaction rate constant of this reaction depends on the sodium
chloroacetate concentration and on the concentration of potassium hydroxide re-
leased during the hydrolytic decomposition of potassium ethylxanthogenate. The
bimolecular substitution reaction (Scheme 3) obeys the second order kinetic law
and can easily be solved when the reaction is observed independently of the
previous two reactions. The determination of the reaction rate constant for the third
reaction (Scheme 3) at the investigated temperatures is necessary for modeling the
whole reaction mechanism.
The reaction was monitored by conductometry, with the initial concentration
of potassium hydroxide c0KOH = 0.002 mol/dm
3 and of sodium chloroacetate
c0NaClAc = 0.04 mol/dm
3, thus providing pseudo-first order reaction conditions.
The initial reaction conditions were evaluated based on the results from the previ-
ous experiments, in which the concentration of KOH in the system did not exceed
10 % of the initial value of the potassium ethylxanthogenate concentration.
Based on the kinetic data of the conductance change in the investigated reaction, the
values of the reaction rate constants were determined using the integral method (Table I).
In addition, the activation parameters for the investigated elementary reac-
tions between KOH and NaClAc were calculated and are given in Table II.
Rate determination for the reaction of potassium ethylxanthogenate and sodium
chloroacetate
According to the postulated complex reaction system, and assuming side reac-
tions, the investigated system can be presented as follows (Schemes 1, 2 and 3):
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Scheme 3. Alkaline hydrolysis of sodium chloroacetate (A).
A + B
k1
  C + D (6)
B
k2
  E + F (7)
A + E
k3
  G + D (8)
The system can be simplified by adjusting the starting concentration of the re-
actants by using a large excess of sodium chloroacetate (A in Schemes 1 and 3)
with respect to the concentration of potassium ethylxanthogenate (B in Schemes 1
and 2) (A	 


 B	, i.e., A	=A0	  const.), thus giving the following system:
B
k1
  C + D (9)
B
k2
  E + F (10)
E
k3
  G + D (11)
The differentiation of above equations, assuming integral kinetic laws for ex-
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Using the dependence of concentration change of B, it is possible to solve the
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Potassium hydroxide as a product from reaction 2 (Scheme 2) participates as a
reactant in reaction 3 (Scheme 3) producing sodium hydroxyacetate (NaOHAc, so-
dium salt of glycolic acid). Differential form of equation which describes the in-



































Finally, the time dependence of the concentration increase of sodium glycolate is:
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In order to determine the value of kexp (Eqs. (13) and (16)), the initial concen-
trations of NaClAc have to be in great excess with respect to KEtX, thus obtaining
A	 = const. Hence, the first and second reactions can be observed as pseudo-first
order reactions. UV-spectrophotometric measurements were used (by following
the concentration change of KEtX) to investigate the kinetics of the system with
initial concentration of sodium chloroacetate c0NaClAc = 0.4 mol/dm
3 and potas-
sium ethylxanthogenate c0KEtX = 0.02 mol/dm
3.
Since the monitoring of the kinetics of the system demanded a long time for
an, even not sufficiently precise, determination of value of A

	, the value A

	 for
the monitored reaction was determined by the Kezdy–Swinbourne method.
18
By using the integral method for the pseudo-first order reaction and the deter-
mined values of A

	, values of kexp were determined from the slope (Fig. 3) at 25,
30, 35 and 40 °C, and the values are given in Table I.
Using the calculated values of kexp and the equation kexp = k1c0NaClAc + k2, the
values of k1 were calculated using Eq. (18) and are given in Table I (since c0NaClAc











Based on the rate constants given in Table I, the activation parameters for the
investigated reaction were calculated (Table II) using Eqs. (9) to (12). Of course,
the determinated values do not represent the exact thermodynamic characteristics
of the complex system.
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Fig. 3. Integrated form of the pseudo-first or-
der reaction between KEtX and NaClAc at
the investigated temperatures.
It can be seen from Table II that the values of the change of the entropy of acti-
vation for the hydrolysis reaction are negative (the activated complex has a signifi-
cantly higher degree of order), and the energy of activation is relatively low, which
is characteristic for catalyzed reactions and reactions of neutral reagents,19 thus
confirming the assumed mechanism, being typical for similar compounds. The
value of the entropy of activation for the alkaline hydrolysis is small (but approxi-
mately inside the limits given in literature references for bimolecular reactions20)
as a consequence of the significantly more arranged state of activated complex and
solvent effects. The values of the Gibbs energy of activation are, as expected, in ac-
cordance with reaction rate constants.
The simulation of the changes of the reactant and product concentrations with
time according to the solved integral kinetic equations and the determined rate con-
stants for all three reactions is presented in Fig. 4 (reaction at 25 °C).
It is obvious that the validity of the system can be confirmed by following the
change of concentration of sodium glycolate, since the expression for the time depend-
ence of the glycolate concentration contains all three reaction rate constants (Eq. (17))
and, because of the more regular concentration increase, it can be monitored more pre-
cisely than KOH (E, Schemes 2 and 3) in the investigated reaction system.
As can be seen from Fig. 4, in the initial period of time (t  10 min), the KEtX
concentration decreased rapidly. In this initial period, there is an appropriate amount
of non-reacted KEtX, not consumed in the first reaction, which is hydrolytically de-
composed according to the second reaction. In this time period, an increase of the
concentration of hydroxide ions was observed, achieving a maximum, which was
followed by slow decrease as it was consumed in the third reaction.
Since the reaction rate constant of the second reaction is significantly lower
than the substitution reaction rate constant (Scheme 3), in the period of time after
the hydroxide ion maximum has been attained, the decrease of the KEtX concen-
tration also caused a decrease of the hydroxide ion concentration which was con-
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Fig. 4. Simulated curves for the
chosen compounds of investiga-
ted reaction system at 25 °C.
sumed at a higher rate in the third reaction. As the concentration of KEtX de-
creased during the reaction, the hydroxide ion decreased to a low value, after t  1
h, causing the concentration of sodium glycolate to be almost constant (Scheme 2).
The hydrolytic reaction becomes negligible causing a further decrease of hydrox-
ide ion concentration in the reaction mixture.
Validation of this study was attemped by monitoring the concentration chan-
ges of the sodium glycolate during the course of time.21 This was not completely
successful as some interference with the other component of the system exists. For
an exact determination of sodium glycolate the complete removal of the impurity
causing inaccuracies in the obtained results is necessary. In the initial period, the
determined concentrations were significantly lower than the calculated values. As
the reaction proceeded to the end, the results were more consistent being about 50
% of those calculated by the mathematical model. All of these results indicate a
very complex reaction system in the spontaneously obtained conditions for the ki-
netic study, implying that, in the sense of simplification and suppression of the sec-
ond and third reactions, reaction conditions under controlled pH values should be
performed in further investigations.
CONCLUSION
The reaction kinetics of the synthesis of sodium ethyl xanthogeneacetate from
potassium ethylxanthogenate and sodium chloroacetate in distilled water as the re-
action medium at 25, 30, 35 and 40 °C, were investigated. The reaction was fol-
lowed using conductrometric and UV/Vis spectrophotometric methods with an
equimolar initial concentration of the reactants and as pseudo-first order reactions
with respect to one of the reactants.
Based on the determination of the reaction order, a complex mechanism is as-
sumed. The rate constants of the pseudo-first order and second order reactions
were calculated from the kinetic data. On the basis of the reaction constants for the
three investigated reactions at 25, 30, 35 and 40 °C, the activation parameters were
calculated.
The complex reaction system was elucidated by monitoring the individual re-
actions, and the determined rate constants were used for a mathematic simulation
of this complex reaction system.
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Ispitivana je kinetika reakcije sinteze natrijum-etil-ksantogen-acetata iz
kalijum-etil-ksantogenata i natrijum-hloracetata u destilovanoj vodi kao reakcio-
nom medijumu i temperaturama 25, 30, 35 i 40 °C. Reakciona sme{a je kompleksan
sistem koji je zahtevao kori{}ewe dve metode za kineti~ka merewa. Reakcije su
pra}ene kori{}ewem spektrofotometrijske i konduktometrijske metode pri ekvi-
molarnim po~etnim koncentracijama reaktanata kao i pri uslovima reakcija pse-
udo-prvog reda u odnosu na jedan od reaktanata. Reakcione konstante pseudo-prvog re-
da i drugog reda izra~unate su na osnovu kineti~kih podataka. Na osnovu reakcionih
konstanti izra~unati su i diskutovani tako|e i aktivacioni parametri.
(Primqeno 1. avgusta, revidirano 7. decembra 2005)
REFERENCES
1. N. K. Aleksandrovich, Zh. Obshch. Khim. 3 (1933) 48
2. W. J. Davies, A. McLaren, J. Chem. Soc. (1951) 1434
3. E. Mylius, Chem. Ber. 6 (1873) 312
4. S. J. Mehring, US Patent 4,298,624 (1981)
5. W. Walter, K. D. Bode, Angew. Chem. 79 (1967) 285
6. Yu. Zolotov, N. G. Vanifatova, Zh. Neorg. Khim. 23 (1978) 2788
7. Yu. Zolotov, N. G. Vanifatova, Mikrochim. Acta 1 (1985) 281
8. E. Kubaszewski, M. Lozynski, Chem. Inz. Chem. 16 (1986) 217
9. J. O. Leppinen, C. Basilio, R. H. Yoon, Colloids Surf. 32 (1988) 113
10. G. Fairthorne, D. Fornasiero, J. Ralston, Int. J. Miner. Process. 46 (1996) 137
11. G. A. Hope, R. Woods, K. Watling, Proc. Electrochem. Soc. 2000–14 (2000) 48
12. R. Woods, G. A. Hope, K. Watling, Miner. Eng. 13 (2000) 345
13. R. Woods, G. A. Hope, Colloids Surf. 146 (1999) 63
14. J. Zhou, H. Zhong, Hubei Huagong 19 (2002) 11
15. X. Zeng, H. Zhong, Yingyong Huagong 31 (2002) 5
16. O. Hyuck Keun, O. Ji Young; S. Dae Dong, L. Ikchoon, J. Org. Chem. 70 (2005) 5624
17. D. Terez-Bendito, M. Silva, Kinetic Methods in Analytical Chemistry, Wiley, Chester, 1988, p. 149
18. J. H. Espenson, Chemical Kinetics and Reaction Mechanisms, McGraw-Hill, New York, 1981,
p. 12.
19. J. M. Harris, C. C. Wamser, Fundamentals of Organic Reaction Mechanisms, Wiley, New York,
1976, p. 109
20. H. Maskill, Structure and Reactivity in Organic Chemistry, Oxford University Press, Oxford,
New York, 1999, p. 20.
21. Z. D. Dragani}, Anal. Chim. Acta 28 (1963) 392.
100 MILOSAVLJEVI] et al.
